To assess the possible involvement of canine adenovirus type 1 (CAV-1) in naturally occurring cases of canine chronic liver disease, a polymerase chain reaction (PCR)-based assay was developed to detect a conserved region of the major core protein gene (pVII) of CAV-1 in formalin-fixed, paraffin-embedded liver sections. Results were compared with a standard avidin-biotin immunoperoxidase complex technique that detected CAV-1 antigens using a commercial monoclonal anti-adenovirus antibody. Seventeen cases of cirrhosis and 28 cases of chronic hepatitis with piecemeal necrosis and progressive fibrosis were selected for the study. Formalin-fixed, paraffin-embedded liver sections of 2 cases of infectious canine hepatitis (ICH) and crude DNA extract from CAV-1 (ATCC VR 293 Utrecht strain) served as positive controls. A 411-base-pair viral region was amplified and sequenced as CAV-1 pVII in both cases of infectious canine hepatitis and in the CAV-1 crude DNA extract. The 2 ICH cases were positive for CAV-1 antigens by the immunoperoxidase method. CAV-1 DNA or antigens were not detected by either technique in any of the 45 cases of chronic liver disease selected for the study. These results indicate that both PCR and immunohistochemistry are reliable and rapid techniques for detecting CAV-1 in formalin-fixed, paraffin-embedded liver sections of dogs with ICH. Several possibilities may explain the negative results obtained with both techniques in this study, including the noninvolvement of CAV-1 in canine chronic hepatitis and cirrhosis and the possibility that the virus causes initial damage, provokes a self-perpetuating chronic liver disease, and disappears.
Canine chronic liver diseases including various forms of chronic hepatitis and cirrhosis have been extensively described in the veterinary literature over the last 30 years. Canine adenovirus type 1 (CAV-1), 13, 14, 25 Leptospira interrogans var. grippotyphosa, 4 and canine acidophil cell hepatitis virus 19, 20 have been proposed as possible infectious agents involved in the development of canine chronic hepatitis. Several noninfectious causes of canine chronic liver disease have been reported and classified in different etiologic categories, including copper associated, breed associated, drug associated, alpha-1-antitrypsin deficiency associated, and autoimmune chronic hepatitis. 9, 16, 17, 26 Most of these etiologic categories share common histologic features that include piecemeal necrosis (periportal necrosis or apoptosis) and progressive fibrosis that eventually leads to cirrhosis. Descriptive histomorphologic terms such as chronic active hepatitis, 10, 27 chronic progressive hepatitis, 12 and lobular dissecting hepatitis 3 have also been used to classify canine chronic hepatitis. However, except for the Bedlington terrier, in which an inherited genetic copper metabolism defect has been demonstrated, 21 the majority of canine chronic liver diseases are idiopathic; morphologic features are not cause specific and infectious agent or noninfectious causes cannot be identified with routine diagnostic tools.
CAV-1, the agent of infectious canine hepatitis (ICH), typically produces an acute necrohemorrhagic hepatitis with intranuclear acidophilic inclusion bodies in hepatocytes and Kupffer cells. 23 Chronic hepatitis has been experimentally reproduced in partially immunized dogs challenged with CAV-1. 13, 14 However, immunofluorescence staining of frozen liver sections using anti-adenovirus antibody did not detect the presence of the virus beyond the first week postinfection. In another study using an avidin-biotin complex immunoperoxidase (IP) technique, small amounts of CAV-1 antigen were detected in paraffin-embedded liver sections of 5 dogs with a wide range of inflammatory lesions and in the liver of 1 dog without hepatitis. 25 The understanding of human chronic liver diseases has increased markedly largely because of the development of molecular techniques that detect viral agents such as hepatitis C virus. 18 The polymerase chain reaction (PCR) is a highly sensitive and specific technique that can detect low numbers of DNA copies. This technique has been used for retrieval of CAV-1 DNA in tissue culture and in liver samples from 2 dogs with ICH. 24 Successful PCR detection of adenovirus DNA in formalin-fixed, paraffin-embedded tissue has been reported in 2 human patients that died following disseminated adenovirus infection. 29 The objectives of this study were to develop a PCR assay for the detection of CAV-1 DNA in formalinfixed, paraffin-embedded liver, to compare this method of detection with an IP technique, and to look for CAV-1 in naturally occurring cases of canine chronic hepatitis and cirrhosis.
Materials and methods
Cases selection. All biopsy or necropsy cases of canine chronic hepatitis or cirrhosis diagnosed at the Département de Pathologie et de Microbiologie of the Faculté de Médecine Vétérinaire of the Université de Montréal between January 1986 and May 1997 were reviewed. The definition of chronic hepatitis used here was adapted from a recently published definition suggested by the International Association of the Study of the Liver and by the World Congress of Gastroenterology. 2 Chronic hepatitides consist of chronic necroinflammatory diseases in which hepatocytes rather than biliary structures appear to be the main target of attack. The histologic criteria used for selection of the cases of chronic hepatitis included periportal piecemeal necrosis, portal and periportal fibrosis, and portal to periportal inflammation with focal to bridging lobular necroinflammatory activity. Histologic criteria for cirrhosis included nodular regeneration with progressive bridging fibrosis. Twenty-eight cases of chronic hepatitis and 17 cases of cirrhosis were selected on the basis of this nomenclature.
Histopathology. All liver samples, including those from 2 natural cases of acute ICH used as positive controls, were fixed in 10% buffered formalin, routinely processed, and embedded in paraffin. Four-micrometer sections were cut and stained with hematoxylin, phloxin, and saffron (HPS) for light microscopic examination and stained with rubeanic acid to demonstrate copper.
Immunohistochemical procedure. Immunohistochemistry was performed using an avidin-biotin peroxidase complex (ABC) technique a with a 1/2,000 dilution of a mouse monoclonal anti-adenovirus antibody blend specific for all 41 serotypes of Adenovirus. b Five-micrometer sections were cut, mounted on poly-D-lysine-coated slides, dried at 37 C for 2 hr, deparaffinized in successive xylene immersions, dehydrated through graded ethanols, and rehydrated in distilled water for 15 min. Endogenous peroxidase activity was blocked in 3% H 2 O 2 diluted in methanol for 30 min. To reduce background staining, the sections were incubated with 20% normal horse serum in phosphate-buffered saline (PBS) for 15 min. The excess horse serum was removed by inverting the slide and blotting. The sections were incubated overnight at 4 C with the primary antibody in a humidified chamber and then incubated for 30 min at room temperature with a horse anti-mouse biotinylated antibody. a Sections were then covered for 30 min with a freshly prepared ABC solution. a Except for the incubation with normal horse serum, all incubations were followed by washes in PBS. Aminoethylcarbazole (AEC) a was used as chromagen, and sec-tions were counterstained with Mayer's hematoxylin. c Diaminobenzidine (DAB) c was used and compared with AEC for tissues from 10 cases of cirrhosis. An additional section of tissue from each case was stained with a 1/1,000 dilution of a mouse monoclonal anti-bovine respiratory syncitial virus (BRSV) antibody, b which served as a negative control. Liver sections from dogs with ICH were incorporated in each staining procedure as performance positive tissue controls.
Primer selection. Primers used for detection of CAV-1 were selected from a published report 5 and were designed to amplify a 411-bp region of the gene coding for the pVII protein (GenBank sequence accession number M73811). The primer sequences were 5Ј-CACTCGAGATGGCCATCTTAA-TAT-3Ј and 5Ј-TCCTGCAGTTTAGAGCGGACCCTG-3Ј.
DNA extraction and PCR amplification. Ten-micrometer sections from the formalin-fixed, paraffin-embedded liver specimens were cut and placed in a 1.5-ml sterile microfuge tube. Disposable microtome blades were changed between each block to prevent sample-to-sample contamination. Deparaffinization was performed by centrifugation in xylene followed by 2 consecutive 100% ethanol washes. After drying for 10 min, digestion of the samples was performed with 20 g/ml proteinase K buffered in 50 mmol/liter Tris-HCl buffer (pH 8.5) with 1 mM ethylenediaminetetraacetic acid for 3 hr in a 55 C water bath. Samples were then heated at 95 C for 10 min to inactivate the proteinase K. Amplification was performed in a 50-l reaction volume containing 5 l of extracted DNA, 25 pmol of each primer, 2 units of Taq polymerase, d 10 mM Tris HCl, pH 8.3, 50 mM KCl, 1.5 mM mgCl 2 , 200 M of each dNTP, e and distilled water to a final volume of 50 l. After a single denaturation step at 95 C for 2 min, 30 cycles of amplification were performed in a DNA thermal cycler. f Each cycle consisted of 30 sec of denaturation at 94 C, 2 min of annealing at 60 C, and 2 min of elongation at 72 C. The amplified DNA products and a molecular mass marker (DNA ladder g ) were analyzed by electrophoresis in a 1.5% agarose gel stained with ethidium bromide and viewed under UV transillumination. DNA extract from a known ICH-positive dog and DNA extract of a negative control were tested simultaneously with the selected DNA extracts to ensure the consistency of the amplification results.
DNA sequencing. The amplified PCR fragment was cloned into pCR-II vector h and then purified with cesium chloride. Subsequent sequencing of both DNA strands was performed with specific internal primers. The nucleotide sequence was determined by fluorescence with an ALF f express DNA sequencer e according to the procedure recommended by the manufacturer. DNA sequence analyses were performed using commercial computer software. i,j The deduced amino acid sequence was used to search the combined databases of the National Center for Biotechnology Information via the BLAST network service.
PCR specificity and negative controls. The specificity of the primers was determined using formalin-fixed, paraffinembedded tissue DNA extract from dogs with confirmed natural cases of canine parvovirus and canine distemper and from 2 histologically normal livers from dogs that died from traumatic accidents. 
Results
Forty-five cases of chronic canine hepatitis or cirrhosis were reviewed and selected on the basis of histomorphologic features and availability of paraffin blocks. Histologic changes, in addition to the criteria required to fulfill the case selection, present in the majority of the dogs selected included a variable degree of bile duct proliferation with moderate canalicular cholestasis, periportal to midzonal copper pigment accumulation, and infiltration of portal triads and periportal zone by plasma cells and lymphocytes, with a lesser number of macrophages and rare neutrophils. The degree of cholestasis seemed to correlate with the amount of copper accumulation. Most dogs had variable amounts of endogenous pigments (bile, lipofuscin and hemosiderin) in Kupffer cells and macrophages located in portal and periportal areas (Figs. 1, 2) . Endogenous pigments were more abundant in dogs with cirrhosis that had prominent cholestasis and bile duct proliferation.
Purebred dogs were overrepresented (42/45) and included 6 doberman pinchers, 4 English cocker spaniels, 3 golden retrievers, 3 Labrador retrievers, 2 West Highland white terriers, and members of 19 other breeds. There were 24 females and 21 males that ranged in age from 1 to 12.8 years, with a median age of 4.1 years.
Immunohistochemical staining of tissue from the 2 dogs with ICH revealed intranuclear and cytoplasmic CAV-1 antigens within both hepatocytes and Kupffer cells (Fig. 3) . Cytoplasmic staining was more frequent and intense in Kupffer cells. Some intranuclear inclu-sion bodies did not stain. AEC used as chromagen gave better results than did DAB because the endogenous pigments were light brown and appeared similar to the DAB reaction product. In contrast, the reaction product of AEC was easily differentiated from the brown endogenous pigments. A pale cytoplasmic gran- ular staining was present with AEC as chromagen in rare Kupffer cells of 3 dogs with cirrhosis that had an abundant amount of endogenous pigments. Similar staining was present within few Kupffer cells of the same dogs that stained with the BRSV monoclonal antibody used as a negative control. This staining was not observed when the primary antibody was replaced by normal serum as a negative control. None of the 45 cases of chronic hepatitis or cirrhosis were positive for CAV-1 by the immunohistochemical technique.
The PCR technique yielded the expected 411-base pair fragment from crude DNA extract of the ATCC VR 293 CAV-1 (Utrecht strain) and from formalinfixed, paraffin-embedded tissue from both dogs with of ICH (Fig. 4) . The PCR product from an ICH control was cloned and sequenced. The nucleotide sequence was 100% identical to that of the major core protein gene (pVII) of CAV-1 (Fig. 5) .
In contrast, tissue from all 45 selected cases of cirrhosis or chronic hepatitis were negative for CAV-1 DNA by PCR amplification. DNA extract of formalinfixed, paraffin-embedded tissue from dogs with canine parvovirus and distemper encephalitis and from histologically normal livers were also negative as determined by electrophoresis of the PCR amplification products.
Discussion
Both PCR and immunohistochemistry are able to detect CAV-1 in formalin-fixed, paraffin-embedded liver from dogs with natural cases of ICH. These methods also offer the advantage of using routine formalinfixed, paraffin-embedded histologic specimens in retrospective study, obviating the need for frozen material. The results obtained with IP in 2 natural cases of ICH used as positive controls were similar to results reported in a previous study. 25 The mild cytoplasmic positive staining in rare Kupffer cells of 3 dogs with cirrhosis that had an abundant amount of endogenous pigments was interpreted as nonspecific staining because of the mild intensity, the granularity of the staining, and the presence of a similar reaction within Kupffer cells of these same dogs with the BRSV monoclonal antibody used as a negative control. This background staining has not been observed in the same sections when normal serum was used as a primary antibody for the negative controls.
Several explanations are possible for the failure to detect CAV-1 with both techniques in the selected cases of cirrhosis and chronic hepatitis. First, in contrast with the conclusions of previous studies, 13, 14, 25 CAV-1 may not be involved in the pathogenesis of canine chronic liver disease. Alternatively, evidence of adenovirus infection could have been undetectable with PCR and IP because CAV-1 may be gone at the time of examination, after having initiated a self-perpetuating chronic inflammatory liver disease. Vaccination against ICH is widely used in Quebec; effective immunity against CAV-1 could have protected the dogs and significantly decreased the possibility of a chronic infection. Another possibility is that there may have been deletions in the gene coding for the CAV-1 pVII protein that were specific and essential for successful PCR amplification. Even though constant positive results were obtained with tissues from acute cases of ICH used as positive controls, the techniques used may not be sensitive enough to detect very low numbers of viral DNA copies or antigens. The relatively large size of the chosen PCR product for formalin-fixed tissue could have been a problem in this study. However, the 411-base pair region of the adenovirus gene was constantly amplify in the formalinfixed, paraffin-embedded acute positive controls. Also, undetected technical problems or poor quality samples may have resulted in denatured CAV-1 DNA or proteins. However, the last 2 explanations are unlikely because consistent results were obtained with the positive and negative controls and because performance controls were included in each staining and amplifying procedure to ensure their consistency.
Despite numerous individual reports of experimental and naturally occurring diseases, a common etiology to explain a significant proportion of canine chronic liver disease has yet to be discovered. The high prevalence of chronic liver disease in some breeds of dogs suggests that hereditary factors might have some importance in the development of chronic hepatitis and cirrhosis. 26 Middle-aged purebred dogs were overrepresented in this study, and there was no significant sex predilection in the selected dog population. These results are consistent with a previous report of chronic hepatitis and cirrhosis in dogs in Sweden. 1 Except in Bedlington terriers, a cause-effect relationship between high hepatic copper concentration and chronic hepatitis or cirrhosis has not been shown. Elevated hepatic copper accumulation has been linked to chronic liver disease in many breeds, 28 including cocker spaniels, German shepherd dogs, keeshonds, kerry blue terriers, West Highland white terriers, Labrador retrievers, Old English sheep dogs, samoyeds, Skye terriers, and recently a Dalmatian. 6 However, cholestasis was a consistent finding in most of these reports and in most cases selected for this study. It is still unclear if copper accumulation is a primary or secondary event in these diseases. Chronic active hepatitis with moderate cholestasis and moderate accumulation of hepatic copper has been extensively reported in middle-aged female doberman pinschers. 8, 11, 22 A genetic basis has been proposed for the liver disease, and hepatic copper accumulation has been linked to the condition. Doberman pinschers represented 13% of the population of this study, also reflecting a possible higher risk of hepatitis in this breed.
Canine chronic hepatitis and cirrhosis share many clinical and morphologic similarities with their human counterparts. Viruses are the primary causes of chronic hepatitis in humans and can progress to cirrhosis and hepatocarcinoma. 7 Acute hepatitis, chronic hepatitis, and cirrhosis have been experimentally reproduced in dogs in the United Kingdom 19,20 with a transmissible infectious agent named canine acidophil cell hepatitis virus. However, virus isolation and characterization have not been performed. The Hepadnavirus family includes the hepatitis B virus, the woodchuck hepatitis virus, the ground squirrel hepatitis virus, and the Pekin duck hepatitis virus, which are known for their hepatocellular tropism. Infection with this group of agents results in acute and chronic hepatitis, cirrhosis, and hepatocarcinoma. 15 However, Hepadnavirus sequences were not detected by PCR amplification in paraffinembedded liver specimens of 6 dogs with chronic active hepatitis and in 5 dogs with hepatocarcinoma. 15 The results of this study indicate that PCR and immunohistochemistry are reliable and rapid methods for detecting CAV-1 in formalin-fixed, paraffin-embedded liver sections. In contrast with previous reports, CAV-1 was not detected with either technique in 45 cases of canine chronic liver disease. Clearly, further research and investigation of canine chronic hepatitis and cirrhosis are still needed to find a significant cause for this group of diseases.
